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Retinitis Pigmentosa: Progress and Perspective
Qingjiong Zhang, MD, PhD

Abstract: Retinitis pigmentosa is the most common form of hereditary
retinal degeneration causing blindness. Great progress has been made in
the identification of the causative genes. Gene diagnosis will soon become
an affordable routine clinical test because of the wide application of next-
generation sequencing. Gene-based therapy provides hope for curing the
disease. Investigation into the molecular pathways from mutation to rod
cell death may reveal targets for developing new treatment. Related prog-
ress with existing systematic review is briefly summarized so that readers
may find the relevant references for in-depth reading. Future trends in the
study of retinitis pigmentosa are also discussed.

(Asia Pac J Ophthalmol 2016;5: 265–271)

SYMPTOMS AND SIGNS
Retinitis pigmentosa is the most common progressive hered-

itary retinal degeneration causing blindness. It is characterized
by initially and severely impaired rod function followed by in-
volvement of cone function. Both rod and cone function may
be severely impaired or undetectable at advance stages (most
frequently even at a young age). Clinical manifestations include
night blindness, progressive constriction of visual fields, gradu-
ally reduced visual acuity, and degenerative change of fundus.
Funduscopic examination usually reveals waxy-pale discs, attenu-
ation of the retinal arteries, and retinal degeneration (Fig. 1). The
retinal degeneration occurs initially and most significantly in the
midperipheral region of the fundus, showing carpet-like degener-
ative change to typical bone spicule pigmentation. Although bone
spicule pigmentation is frequently described as a typical sign of
retinitis pigmentosa, a number of patients may only present with
hardly recognizable carpet-like change, especially those patients
at the early stage of the disease. Macular degeneration is usually
seen at the late stage of the disease but is more frequently ob-
served in patients with autosomal recessive retinitis pigmentosa.
Variable expression in fundus changes may be present in different
patients of different causes, in different patients caused by muta-
tions in the same gene, in different patients from the same family,
and probably even in different eyes of the same patient. Retini-
tis pigmentosa occurs mostly alone as a nonsyndromic form,
whereas a small fraction may develop in association with other
ocular or systemic diseases as a syndromic form. The initial
symptom may be noticed from early childhood to late adult-
hood. In rare cases, the disease at late stages may be difficult
to differentiate from other diseases. It is also possible that
early-onset retinitis pigmentosa may show overlapping signs
and symptoms with Leber congenital amaurosis. Sometimes,

retinal degenerative changes may be observed in children without
any symptoms. Systemic evaluation of the fundus, especially the
midperipheral region, will provide useful clues for initial diagno-
sis, whereas electroretinography usually helps confirm the diag-
nosis. Other types of examination, such as optical coherence
tomography and fluorescein angiography of the fundus, may not
be necessary for routine clinical diagnosis.

PREVALENCE
The worldwide prevalence of retinitis pigmentosa is gener-

ally considered to be approximately 1 in 4000. The prevalence
may be underestimated in some populations. The prevalence of
nonsyndromic retinitis pigmentosa alone in the Jerusalem region
is 1:2086, approximately 2.5 times higher than that in American
and European populations.1 Retinitis pigmentosawith typical fun-
dus appearance and functional loss was found in approximately 1
of 1000 elderly Chinese in northern China. Incomplete examina-
tion and atypical presentation may lead to underestimation of
the prevalence. Our recent study showed that approximately
one fourth of early-onset high myopia may be closely related
to retinal degeneration, especially retinitis pigmentosa.2 These
patients might be classified as having diseases other than retinitis
pigmentosa in epidemiology studies.

INHERITANCE
Retinitis pigmentosa is a group of hereditary diseases that

can be transmitted as an autosomal dominant (30%–40% cases),
autosomal recessive (50%–60% cases), or X-linked trait
(5%–15% cases).3 In rare cases, mitochondrial or digenic forms
have been described.4–7 Although sporadic or singleton cases of
retinitis pigmentosa are most frequently seen in the clinic, the
disease may be transmitted as any of those forms depending
on the mutations and genes. In rare cases, the disease in a dom-
inant pedigree may actually belong to a recessive trait or
X-linked trait, whereas the disease in a pedigree that seems to
be autosomal recessive may actually be caused by a dominant
mutation because of somatic mosaicism.8 Therefore, genetic
counseling should carefully combine the pedigree information
with systemic mutation analysis.

GENES AND MUTATIONS
Since the discovery of the first gene responsible for retinitis

pigmentosa in 1990,9 mutations in at least 79 genes have been re-
ported to be responsible for the disease (RetNet: https://sph.uth.
edu/retnet/sum-dis.htm; Table 1). The proportions of mutations
for individual genes may differ slightly in different ethnic popula-
tions, but the major genes contributing to retinitis pigmentosa are
similar. Systemic analysis of all these genes may identify muta-
tions in approximately 60% of families.3,10–15 Approximately
two thirds of the mutations are found in the top 7 genes, such as
CYP4V2, RHO, USH2A, RPGR, CRB1, RP2, and CHM in our
Chinese cohort, whereas the remaining mutations have been de-
tected in another 27 genes with a mutation proportion ranging
from 0.7% to 2.6% (Fig. 2). Mutations in most of the 79 genes
have not been detected in our Chinese cohort, suggesting that
the mutation frequency in most of these genes is comparatively
low in our population. However, some of the reported genes
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responsible for retinitis pigmentosa when mutated may need fur-
ther clarification because the reported mutations may not be caus-
ative, such as FSCN2,16 OR2W3,17 and potentially several other
genes. For a gene confirmed to be responsible for retinitis
pigmentosa, not all mutations reported are actually causative. Fur-
ther clarification of the role of these genes and their variants in ret-
initis pigmentosa largely relies on systemic sequencing analysis of
all these genes in different populations, including patients and

controls, along with careful genotype-phenotype analysis. Data
generated from whole-exome sequencing and whole-genome se-
quencing in the next few years are expected to be of great help
in defining the causative mutations from benign variants. Func-
tional study of the variants in vitro may provide useful clues in un-
derstanding the pathogenesis of a mutation, but it may not always
give us the right answer.18 Transgenic or knock-out animal models
provide a valuable tool not only in confirming the causative role of

FIGURE 1. Fundus changes in different patients with retinitis pigmentosa due to mutations in different genes. The gene symbol is labeled in
the lower left corner of each photo.

TABLE 1. Genes and Loci for Retinitis Pigmentosa

Disease Category Mapped Loci (Not Identified) Mapped and Identified Genes

Retinitis pigmentosa,
autosomal dominant

RP63 BEST1, CA4, CRX, FSCN2, GUCA1B, HK1, IMPDH1, KLHL7, NR2E3, NRL,
OR2W3, PRPF3, PRPF4, PRPF6, PRPF8, PRPF31, PRPH2, RDH12, RHO,
ROM1, RP1, RP9, RPE65, SEMA4A, SNRNP200, SPP2, TOPORS

Retinitis pigmentosa,
autosomal recessive

RP22, RP29, RP32 ABCA4, ARL6, ARL2BP, BBS1, BBS2, BEST1, C2orf71, C8orf37, CERKL,
CLRN1, CNGA1, CNGB1, CRB1, CYP4V2, DHDDS, DHX38, EMC1,
EYS, FAM161A, GPR125, HGSNAT, IDH3B, IFT140, IFT172, IMPG2,
KIAA1549, KIZ, LRAT, MAK, MERTK, MVK, NEK2, NEUROD1,
NR2E3, NRL, PDE6A, PDE6B, PDE6G, PRCD, PROM1, RBP3, RGR,
RHO, RLBP1, RP1, RP1L1, RPE65, SAG, SLC7A14, SPATA7,
TTC8, TULP1, USH2A, ZNF408, ZNF513

Retinitis pigmentosa,
X-linked

RP6, RP24, RP34 OFD1, RP2, RPGR

This information was copied from RetNet (https://sph.uth.edu/Retnet/) on March 21, 2016.

Zhang Asia-Pacific Journal of Ophthalmology • Volume 5, Number 4, July/August 2016

266 www.apjo.org © 2016 Asia Pacific Academy of Ophthalmology

Copyright © 2016 Asia Pacific Academy of Ophthalmology. Unauthorized reproduction of this article is prohibited.

https://sph.uth.edu/Retnet/
http://www.apjo.org


a mutation but also in elucidating the pathophysiology of the dis-
ease. However, it should be noted that the samemutation may lead
to different phenotypes between mice and human beings.19

Identification of a mutation in a patient provides not only a
reliable marker for gene diagnosis and firm genetic counseling
but also a clear target for future gene-based therapy. Careful eval-
uation of the clinical data and follow-up study may enrich our un-
derstanding of the disease on the basis of individual genes and
therefore establish criteria for gene-based reclassification of the
disease in the future.

POSSIBLE PATHWAYS FROM A MUTATION TO
RETINAL DEGENERATION

Photoreceptor loss in retinitis pigmentosa is considered to be
mediated by apoptosis,20,21 but the precise mechanisms from acti-
vation of this pathway to cell loss have yet to be defined. Under-
standing how a mutation leads to photoreceptor loss may reveal
clues for developing potential therapeutics. Analyses of individual
mutations in different genes suggest that different factors may
be involved in the progress from a mutation to photoreceptor
loss, such as unfolded protein response and endoplasmic retic-
ulum stress,22–26 abnormal localization or trafficking of related
proteins,27–29 defective phagocytosis,30 activation of Bax,31 and
oxidative stress.32–34 However, these types of changes may be
seen in other forms of diseases. It is reasonable to guess that 1
or several unique pathways may mediate the development of reti-
nitis pigmentosa because the disease alone could be caused by
mutations in a number of universally expressed genes. Further-
more, some of the unique pathways may be in common at some
level because the same disease could be caused by a great number
of mutations in at least 79 genes, which encode proteins involved
in different structural or functional compartments of the rod cells.
In the future, systematic comparative transcriptome analysis,35–43

based on different animal models and patient-specific iPSC,44

may provide insight into understanding the common pathways
and associated key molecules that mediate different mutations

leading to photoreceptor cell death, hence disclosing potential tar-
gets for therapeutic intervention in retinitis pigmentosa.

MANAGEMENT

Gene Therapy
Since the successful clinical trial of gene therapy for Leber

congenital amaurosis in humans,45,46 a number of experimental
gene therapy tests for retinitis pigmentosa have been reported, in-
cluding a CNGB1 knock-out mouse model,47 RNA interference
in animal model,48–51 PDE6A mouse model,52,53 MERTK deliv-
ery in RCS rats54 and mice,55 Mfrp-related rd6 mice,56 Rpgr-
knock-out mice57 or canine model,58 Spata7 mutant mice,59

Rlbp1 null mice,60 Rp2-KO mice,61 and so on. Gene therapy
might be beneficial at different stages of the disease.62 Compared
with cDNA, gene delivery with native genomic DNA has been
shown to significantly enhance gene expression and therapeutic
efficacy.63 A phase 1 clinical trial of gene therapy has been re-
ported for 6 patients with retinitis pigmentosa due to MERTK
mutations.55 Subretinal injection of rAAV2-VMD2-hMERTK
improved visual acuity in 3 patients for less than 2 years without
major adverse effects.55 The lack of long-term benefits may be
mainly because of the low transduction efficiency of recombinant
gene vectors.62 Delivery of high-dose recombinant vectors may
create toxic effects. So far, the major problem is that gene therapy
is not able to slow down the progression of retinal degeneration
even though it can improve visual function.58,64 However, such
traditional gene therapy may be replaced by in vivo gene editing,
as shown in an example where in vivo correction of the rhodopsin
S334Ter mutation in a rat model of retinitis pigmentosa resulted in
prevention of degeneration and improvement of visual function.65

Stem Cell Therapy
Autologous bone marrow–derived stem cells have been re-

ported to preserve cone vision in rd1 and rd10 murine models of
retinitis pigmentosa.66 Intravitreal use of bone marrow–derived

FIGURE 2. Proportion of mutations in different genes based on 152 families with retinitis pigmentosa and identified mutations from our
laboratory. Mutations were identified in 34 genes, but approximately two thirds of the mutations were found in the top 7 genes.
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stem cells improved quality of life for patients with retinitis
pigmentosa 3 months after treatment, but the effect was lost at
12 months.67 Subretinal transplantation of differentiated embry-
onic stem cells improved visual function in an Rpe65 mouse
model for retinitis pigmentosa.68 Induced pluripotent stem-RPE
cells have a better effect in protecting photoreceptors than mesen-
chymal stromal cells and neural stem cells.69

Gene therapy based on patient-specific stem cell lines has
been tested in Mfrp (rd6) mice.70 Patient-specific iPSC-derived
stem cells may be used as a source for autologous stem cell ther-
apy71 and for gene-edited stem cell therapy.43,72 Understanding
the mechanisms of synapse formation may improve the effective-
ness of cell-based therapy.73

Factors Potentially Affecting the Progress of
the Disease

Avoiding exposure to strong light, proper reading behavior, a
healthy daily lifestyle, and a balanced diet may be considered as
beneficial factors. So far, systematic reviewof randomized clinical
trials did not find clear evidence to support the effectiveness of
medical treatment in preventing the progression of retinitis
pigmentosa, including vitamin A, fish oil (docosahexaenoic acid),
valproic acid, hyperbaric oxygen delivery, topical brimonidine tar-
trate, gangliosides, lutein, oral nilvadipine, or ciliary neurotrophic
factor.74–77 On the contrary, other studies reported that ciliary
neurotrophic factor, glial cell line–derived neurotrophic fac-
tor, and brain-derived neurotrophic factor showed protection
against photoreceptor degeneration in a mouse model of reti-
nitis pigmentosa.78–83 In addition, overexpression of histone
deacetylase 4 or its short N-terminal domain preserves photo-
receptors and restores visual function in rd1 mice.84 Other po-
tential pharmacological treatments may involve releasing
oxidative stress, antiapoptosis, improving proper protein fold-
ing, and decreasing endoplasmic reticulum stress.26,85–88 To
date, no single method is expected to successfully prevent
photoreceptor loss,73 and none of these potential treatments
have been used as a routine procedure in clinical practice.

Treatment of Complications
Patients with retinitis pigmentosa have a higher risk of acute

angle-closure glaucoma.89 On the other hand, patients with glau-
coma have a significantly higher frequency of mutations in genes
responsible for retinal degenerations, of which many are genes
for retinitis pigmentosa (our unpublished data). It should be
kept in mind that there is a higher frequency of coexistence be-
tween retinitis pigmentosa and glaucoma. Intraocular pressure
measurement and early intervention for acute glaucoma attack
should be considered.

High myopia is frequently accompanied by retinitis pigmentosa
due to mutations in RP2 and RPGR. On the other hand, approxi-
mately one fourth of early-onset high myopia patients had poten-
tial pathogenic mutations in genes listed on RetNet.2 Careful
evaluation of the fundus plus electroretinography in suspected pa-
tients may help in identifying patients with early-onset high myo-
pia and atypical retinitis pigmentosa. In this case, amblyopia
treatment could be avoided, especially in a situation where ambly-
opia treatment had been excessively applied.

Cystoid macular edema may present in some forms of retini-
tis pigmentosa. A number of studies have demonstrated the effec-
tiveness of topical dorzolamide therapy for cystoid macular edema
in patients with retinitis pigmentosa.90–94

Posterior subcapsular cataract is not uncommon in elderly
patients with retinitis pigmentosa. Removal of cataract with
phacoemulsification surgery has become relatively easy. However,

care should be taken for those patients with minimal residual
visual function.

Hopes for Blind Patients with Advanced
Retinitis Pigmentosa

For patients with end-stage retinitis pigmentosa, loss of most
rod and cone photoreceptors leads to a complete lack of useful
vision for daily life. Artificial vision based on epiretinal pros-
theses or subretinal implants may restore some sight for blind
patients.95–100 Of these, the Argus II Retinal Prosthesis System
is the first approved device for commercial use in the treatment
of patients with end-stage photoreceptor loss, mostly retinitis
pigmentosa. It can help blind patients to establish rudimental
vision in recognition of orientation and mobility, target localiza-
tion, shape, and so on.101 Further improvement of these devices
might greatly increase the quality of life for those blind patients.

Progress in optogenetics102,103 has made it possible to add
photosensitive proteins to surviving retinal cells, such as bipo-
lar or ganglion cells, in patients with end-stage retinitis
pigmentosa so that these cells can convert directly into artifi-
cial photoreceptor cells.96,104–107

SUMMARY
In the past 2 decades, extensive genetic studies on retinitis

pigmentosa not only led to the identification of the molecular ba-
sis in at least 60% of families but also set the basis for gene-based
therapy. It is expected that the causative genes in most of the re-
maining families will be uncovered in the next few years because
of the wide application of next-generation sequencing and great
financial support for precision medicine for rare diseases. Filter-
ing the big data derived from whole-genome sequencing will clar-
ify most benign variants from causative mutations. Genome-wide
transcriptome and proteomics may reveal the unique common
pathway and associated key molecules connecting mutations and
photoreceptor cell death. Gene therapy based on patient-specific
stem cell lines and in vivo gene editing may become the main di-
rections of cell-based therapy and gene therapy. Optogenetics-
based artificial photoreceptor cells are expected to compete with
prosthetic implants. Medical treatment targeting key molecules
is expected to slow down or prevent the progress of retinal degen-
eration. The hopes of restoring vision for retinitis pigmentosa pa-
tients may come true in the near future.
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Man must develop his tendency towards the good.
— Immanuel Kant
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